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MULTIPLE CONGENITAL ARTERIOVENOUS ANEURYSMS 
IN THE PULMONARY CIRCULATION 


JOHN H. SISSON, GEORGE E. MURPHY, ann ELLIOT V. NEWMAN 


From the Departments of Medicine and Pathology, Johns Hopkins University 
School of Medicine 


Very little is known about anomalies of the pulmonary circulation, 
especially arteriovenous communications. It is now important to 
recognize and to diagnose these lesions correctly because of the recent 
advances in thoracic surgery. As Blalock (1) pointed out in his re- 
cent Shattuck Lecture, ‘‘a large number of operations are being per- 
formed because of earlier and more accurate diagnosis. This fact 
is due not so much to improvements in methods of history taking and 
physical examination, which have advanced very little in recent years, 
as to advance in other diagnostic methods. Notable among these 
is the more frequent use of the roentgen ray, together with the em- 
ployment of various contrast mediums.” The accuracy of this state- 
ment is well brought out by the case report that follows. 

Aneurysms and arteriovenous fistulae involving the pulmonary 
circulation are very rare, especially those involving the main branches 
of the pulmonary artery. In tuberculous cavities aneurysms of the 
smaller branches of the pulmonary artery are both quite common and 
an important cause of hemoptysis (2). The rarity of pulmonary 
aneurysms can best be realized by a study of autopsy records. Jennes 
(3) in an examination of 14,532 autopsies at Johns Hopkins Hospital 
found none. The case which we report is the only one in the ensuing 
period from 1936 to April, 1945, bringing the total to 19,415 autopsies. 

Boyd and McGovack (4) reviewed the literature in 1939 and found 
only 139 cases of aneurysm of the pulmonary artery. Of the 122 
cases that occurred prior to 1936 only 12 were diagnosed correctly 
prior to death. Sixteen were accurately diagnosed in the 17 cases in 
the following three years. If the discussion is limited to those cases 
proven at autopsy there are only 124 examples in the literature (5) 
of aneurysms of the trunk or of one or both main branches. In Bren- 
ner’s (2) study of the pulmonary circulation there were no cases of 


pulmonary aneurysm. In the literature he found examples of four 
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types, namely traumatic, mycotic, congenital, and syphilitic, with 
the majority in the last two groups. 

There have been several cases reported where the aneurysm ruptured 
into the bronchi. Marble and White (6) reported a case where an 
Army officer in the first World War received a bullet wound in the 
right chest. He had a loud to-and-fro murmur heard loudest near 
the spine and a spherical mass at the root of the right lung was seen 
in the roentgenogram. At autopsy an aneurysm of the main branch 
of the right pulmonary artery four centimeters beyond the bifurcation 
was found. It had a valve-like hole into the bronchus, which ac- 
counted for the repeated pulmonary hemorrhages but no connection 
with the vein is mentioned. 

In the medical literature there are only five case reports of ‘“cav- 
ernous hemangioma’”’ with a secondary polycythemia. 

Henke and Lubarsh in their Handbuch der Pathologischen Anatemiz 
refer to the case reported by Wilkens (11) in 1918 where in a non- 
tuberculous left lung of a 23 year old girl two vessels were found to 
emerge from a dilated aneurysmal dilatation of the main branch of 
the pulmonary artery to the lower lobe to join and empty into the 
“lower” pulmonary vein just before its entry into the left auricle. 
Two similar arteriovenous aneurysms were found in the right lung. 
Recently, Adams et al. (7) have reported in a lung removed by pneu- 


monectomy a “‘cavernous hemangiona (arteriovenous fistula)’’ which 
appears pathologically to be of the same nature as the arteriovenous 
aneurysms reported by Wilkens and that which we are reporting. 
Rodes (12) and Hepburn and Dauphinee (13) also have reported a 
“cavernous hemangioma” and although the arterial and venous 
communications to and from this lesion were not demonstrated, 
the lesion appears to be similar to that which we report. In the cases 
reported by Smith and Horton (14) and by Goldman (15) the clinical 
diagnoses respectively were “arteriovenous fistula of the lung’ and 
“cavernous hemangiona of the lung.”” The patients in the latter two 
cases were living at the time of the reports. 

The present case is of interest not only because of its rarity but also 
because the clinical syndrome when recognized and properly diagnosed 
can lead to successful surgical treatment. 
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CONGENITAL ARTERIOVENOUS ANEURYSMS 


CASE HISTORY 


L. T. (J.-H.H. 315167) a forty-five year old colored housewife was admitted to 
the medical service on February 29, 1944, with the complaint of a sick feeling in 
the stomach and transient spells of dizziness of approximately twenty-three years’ 
duration 

The family history revealed no known congenital anomalies among the parents 
or thirteen siblings. 

The past history showed that she was first seen in the gynecological dispensary 
in 1925 for “heaviness in the lower abdomen and convulsions just preceding 
menses” of four years’ duration. Just before the onset of her menstrual period 
one month in 1921 she could not speak when she wanted to; one month later she 
had a convulsion in which she lost consciousness, fell out of bed, was incontinent, 
and bit her tongue. For the next four years she had no attacks but had several in 
1925 when physical examination was negative. On June 26, 1934, after going 
eight years without any attacks, she was admitted to the gynecological service 
complaining of a heavy feeling in the lower part of the abdomen and protrusion of 
theuterus. The following day a trachelorraphy, posterior colporrhaphy, and re- 
moval of a verruca from the right thigh was performed. The pathological report 
was Benign naevus with chronic inflammation, endocervicitis, chronic, with squa- 
mous metaplasia.”” During the patient’s stay in the hospital the general 
physical examination was entirely negative. The heart was not enlarged, sounds 
were clear and of normal quality. The blood pressure was 140/90 and the sero- 
logical test for syphilis was negative. Hemoglobin was 66%. The extremities 
showed no clubbing. No x-ray of the chest was taken. The pulse was always 
elevated (100). The patient left the hospital in good condition. She was again 
seen in the medical dispensary in 1935 complaining of dizziness, inability to think 
and a heavy feeling in the epigastrium following meals, but physical examination 
was negative. 

The present illness began six months before admission, when she had a sudden 
attack of sharp epigastric pain which did not radiate. It made her very short of 
breath and she had to rush to the window. The same sequence of events was 
repeated three times at fortnightly intervals. One month before admission to the 
hospital she became very dyspnoeic and had another attack of epigastric pain while 
walking home. She became dizzy, nauseated, and had to sleep in a chair. This 
continued until her admission. It was accompanied by ankle oedema and vomiting 
once a day. Four days prior to entry she coughed up a small amount of bright 
red blood and complained of a transient numbness in her left arm and shoulder 
with paralysis of the left thumb and index finger. The patient had lost thirty-five 
pounds in the past four months and had received no medication. 

Physical examination. (T. 99.2°; P. 104; R. 20; B.P. 190/110) on admission 
revealed a patient with signs of chronic weight loss but in no acute distress. She 
held her head rigidly because any movement brought on dizziness. Examination 
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of the eye grounds showed arteriosclerosis of the retinal vessels and an occasional 
fresh hemorrhage. The mucous membranes were cyanotic. There was no dis- 
tension of the cervical veins. The chest was emphysematous and the percussion 
note was slightly impaired at the base of the left lung, where also the transmission 
of breath sounds was diminished in intensity. Fine crackling rales were present at 
both bases. The apex of the heart was in the fifth interspace, 9.5 cm. to the left 
of the mid-sternal line. On percussion the heart was enlarged, a little both to the 
left and right. There was no palpable shock or thrill over the heart. The sounds 
were of good quality. At the apex there was a soft systolic murmur. Beyond the 
apex the sounds changed entirely within a few centimeters. There was a loud to- 
and-fro murmur with the two phases quite distinct, simulating the sound of a slow 





Fic. 1 STETHOGRAM TAKEN AT LEFT AXILLA WHERE THE MURMUR APPEARED 
LOUDEST 
1= first heart sound; 2= second heart sound; Sm= systolic murmur; Dm= 
diastolic murmur. 


freight train on a steep grade. It was loudest in the axilla, but well heard an- 
teriorly in the axillary line and posteriorly in the infra-scapular region. The 
murmur was not transmitted to the neck vessels, abdominal aorta, or femoral 
vessels. The liver was enlarged 6 cm. below the costal margin; otherwise the 
abdomen was negative. There was pitting oedema of the ankles, clubbing and 
cyanosis of the fingers. Neurological examination was negative. 

Laboratory examinations showed the hemoglobin to be 14.5 gms., RBC 5,870,000, 
WBC 9,120 with a normal differential. The urine showed a trace of albumin anda 
few white blood cells. The stool examination showed nothing abnormal. The 
blood N.P.N. was 43 mgm.%, the COz combining power was 24.3 M. eq. per litre 
and serum chlorides were 98 M. eq. per litre. The serological test for syphilis was 
negative. One blood culture was sterile. Venous pressure in the arm vein was 
87-mm. of water. Vital capacity was 1100 cc. or 39% of normal. Circulation 
time with the calcium gluconate (arm to tongue) was 11 seconds (normal 8-16 
seconds). The blood pressure in the arms and legs fell as low as 165/104. 

The electrocardiograms taken on numerous occasions showed a rate that varied 
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between 97 and 107, normal sinus rhythm, a P-R interval of 0.14, a Q.R.S. interval 
of 0.08, and left axis deviation. Tl was slightly diphasic, T2 and T3 were upright 
and T4 was slightly diphasic. A notched Q4 was present along with a slight 





Figure 2a shows appearance of opacity just outside border of left ventricle in 


P-A view. 


elevation or RT4. The changes were interpreted as indicating left ventricle 
strain and perhaps myocardial damage. 

The stethogram taken at the left axilla at the point where the to and-fro murmur 
appeared to be loudest revealed a normal first sound. This was followed by a 
relatively short quiet interval before the beginning of a coarse systolic murmur, 
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which extended throughout the remainder of systole and ended in a fairly distinet 
second sound. Early diastole was quiet but there was a low pitched murmur 





Figure 2b shows the catheter in the right auricle and the dye in the pulmonic 
arteries clearly filling opacity at left base and also a smaller one at the right base 

We wish to express our appreciation to the Photographic Department for these 
reproductions 


»resent in mid-diastole. Late diastole was relatively quiet. The intensity of the 
¥q : 
systolic murmur varied with the depth of inspiration, the murmur decreased in 


intensity as inspiration increased—i. e. the murmur was loudest at the height ol 
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expiration. There was also a decrease in the intensity of the mid-diastolic murmur 
with increasing depth of inspiration but not as marked as with the systolic murmur 
see Fig. 1). 

[he roentgenograms in the P.A. film showed an enlarged left ventricle and a 
round opaque area with well-defined sharp borders to the left of the left ventricle. 
The lungs were otherwise clear. 

Fluoroscopic examination revealed a normal aortic knob and pulmonary conus. 
The right auricle pulsated vigorously. The mass described above could be seen; 
it was not attached to the heart, there was no marked pulsation, and it shifted 
up and down with the respiratory movements. It was best seen in the left anterior 
oblique position, lateral to the left ventricle (Fig. 2a). 

Bronchograms showed that there was no communication between the mass and 
the bronchi and the bronchial tree was normal in the region of the mass. 

Bronchoscopic examination was entirely negative. 

{ngiocardiograms were made. Sensitivity to diodrast was tested first by giving 
10 cc. of diodrast (35%) I.V., and she had no reaction. Seven days later a nylon 
catheter was inserted into the right auricle via the cubital, axillary, subclavian, 
innominate veins, and the superior vena cava according to the technique of Cour 
nand.' A saline drip was attached to the end while she was taken to the x-ray 
room. She was placed on the table lying on her back and then 35 cc. of 70% 
diodrast* was inserted directly into the right auricle via the catheter in two seconds. 
> were taken in the next thirteen seconds (Fig. 2b). Although the 
patient had luminal 128 mgm. and morphine sulphate 10 mgm. intramuscularly an 


Four pictures’ 


hour beforehand, she was quite apprehensive after the procedure was completed. 
She sat up, had severe asthmatic respirations with quick inspiration and noisy 
difficult expiration, and commented that she felt she was going to have an attack 
similar to those described in the present illness. Profuse perspiration developed 
and one could hear numerous asthmatic wheezes at both lung bases. Therefore she 
was given aminophylline, 0.24 gm., I.V. Quickly coarse rales spread throughout 
both lungs and pinky frothy sputum flowed from the mouth, and despite the im 
mediate use of oxygen by mask, intracardiac adrenalin, tourniquets, and artificial 
respiration, she died twenty-five minutes after the injection of the dye. 


PATHOLOGICAL FINDINGS (AUTOPSY NO. 18870) 
The findings at autopsy (eight hours post mortem) were as follows: 
Che patient’s weight was 48.5 kilograms, the length 143 cm. 
lhe left pleural cavity contained about 300 cc. of fairly clear amber fluid. There 
were fibrous adhesions laterally and at the base of the lung. The right pleural 


‘Insertion of the catheter was performed by Dr. George Duncan, Resident 
Surgeon. 

* Diodrast 70% supplied by the Winthrop Chemical Company. 

* Radiographic technique was devised by Dr. T. Alexander of the Department 
of Radiology. 
















100 J. H. SISSON, G. E. MURPHY AND E. V. NEWMAN 


cavity contained about 250-300 cc. of fairly clear amber fluid. There were firm 
adhesions laterally and posteriorly and more delicate adhesions at the apex and 
base. 

The heart weighed 375 gms. The pulmonary artery was opened with the heart 
in situ and no premortem thrombus was found. The epicardium appeared normal. 





Fic. 3a (PHOTOGRAPH BY Miss MELANIE DONALDSON) 


Fig. 3a is a posterior view of the anterior half of the left lung and an anterior 
view of the posterior half of the right lung. The bulk of the arteriovenous aneu 
rysm together with the left pulmonary vein and primary branch to the lower lung 
of the left pulmonary artery are seen in the anterior half of the lung. A portion of 





the aneurysm wall is seen in the posterior half of the lung. 


here was hypertrophy of the left ventricle and moderate dilatation of the left 


auricle. There was moderate hypertrophy also of the right ventricle and dilata 
tion of the right aurick Che foramen ovale and ductus arteriosus were closed. 


In the anterior and lateral portion of the apex of the left ventricle, in the supply 
of the circumflex branch of the left coronary, there was scarring of the myocar- 
dium. The wall of the circumflex artery contained a few small arteriosclerotic 
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placques but it was traced out into its small branches and at no point were lumina 


appreciably narrowed. The anterior descending and right coronaries, though th 
containing a few small placques of arteriosclerosis, showed no appreciable narrow- lor 
ing of their lumina. There were no thrombi in the heart. les 

th 


The left lung weighed 600 gms. The pleura, bronchi and bronchial lymph 
nodes were not remarkable. In the interlobar fissure was found a slightly bluish 
colored sac-like structure (Fig. 3a and 3b). On cut section the lung was found to 
contain a great deal of oedema fluid. There were no areas of pneumonic consoli- 
dation. The above-mentioned interlobar sac-like structure on cut section was 
found to be a blood-filled translucent-walled bilocular sac, measuring 6 x 4 x 3 cm., 
its two chambers being in communication with each other. This thin-walled sac 
was found to arise entirely within the lower lobe, visceral pleural being continued 
over the external surface of that portion of the sac which projected into the in- 
terlobar fissure. Just lateral to the primary bronchus to the lower lobe, and 
running parallel with it was found the primary branch of the pulmonary artery to 
the lower lobe. This artery was traced downward and found to communicate 
directly with the upper portion of the multilocular sac. The left pulmonary vein, 
lying just medial to the primary lower lobe bronchus, appeared moderately dilated 
and on tracing this vein downward into the lower lobe it also was found to com- 
municate directly with the sac in its medial portion. 

Near the base of the right middle lobe were found two small to moderate-sized 
vessels running almost parallel, one a thin-walled vein, the other a thicker-walled 
artery with somewhat smaller lumen. These vessels were traced toward the base 
of the middle lobe. The artery ended blindly in an aneurysmal dilation which 
communicated directly by means of a small vessel with the dilated vein, which had 
been running parallel with the artery. Thus, this system appeared to be another, 
but small arteriovenous communication. 

At the upper pole of the left kidney, there projected slightly above the surface a 
circumscribed yellowish-white multilocular tumor mass 2.5 cm. in diameter. In 
the outer central portion of this kidney was a similar but more cystic mass 1.5 cm. 
in diameter. At the upper pole of the right kidney was found another similar 
multilocular mass 1.5 cm. in diameter. These three masses appeared limited to 
the cortex. 

There was moderate sclerosis of the aorta. The renal arteries at their points 
of origin and along their courses were not appreciably narrowed: 

There was a submucous fibromyoma, 4 cm. in diameter, in the upper portion of 
the fundus of the uterus. 

The liver and spleen were not remarkable, grossly. 

The lateral lobes of the thyroid showed moderate diffuse enlargement and were 
uniformly firmer in consistency than normal. 

The other organs were not remarkable grossly. 

No permission was obtained to examine the head. 

Microscopic. Elastic tissue and tri-chrome stains of the wall of the arterio- 
venous aneurysms (Fig. 4) revealed that the wall was divided in the main into 
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three lavers; there was an intima consisting of endothelium with a slight network of 
longitudinal elastic fibers; the media consisted of collagen connective tissue, a 
lesser amount of elastic fibers, with a definitely lesser amount of smooth muscle 
than would be expected to occur in a vein with a comparable-sized media; the 


Fic. 4. PHOTOMICROGRAPH (BY Miss MELANIE DONALDSON) OF ARTERIOVENOUS 
ANEURYSM WALL 


Pollak (8) modification of tri-chrome stain. Elastic tissue demonstrated with 


Verhoeff-Van Gieson technique. Description of wall in microscopic section of 


pathological findings. (Low magnification.) 


adventitia, thicker than the media, consisted for the most part of collagen and 
elastic tissue with occasional small vessels. 

Both lungs showed a patchy pulmonary oedema, and there was dilatation and 
and engorgement with blood of alveolar septal capillaries and of interstitial veins 
and capillaries. 

Several sections from the anterior and lateral apex of the heart showed extensive 
scarring. No reason for the scarring was apparent. As was stated above, the 
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coronary arteries were not appreciably narrowed (the left circumflex artery was 
traced into minute branches without finding significant narrowing). 

The liver showed engorgement of the central veins and sinusoids with blood, 
and a rather striking dilatation of the portal vessels. In one area a small cavernous 
hemangioma was found. 

There was moderate intra-renal arterio-and arteriolosclerosis. There was 
appreciable dilatation of many stellate, interlobular and interlobar veins and 
capillaries. The capillaries of many glomerular tufts were dilated. The multi- 
locular renal lesions described grossly were found to be papillary cystadenomata. 
In one small area of the left kidney, there was an area of dense interstitial accumu- 
lation of small round cells, which at several points projected or herniated into 
tubules in a manner suggestive of focal syphilitic nephritis (9). In the present 
case, the Wassermann reaction was negative, as was the history of syphilis. 

The thyroid showed rather large, dense accumulations of lymphoid cells with 
germinal centers and several foci of rather solid nodules of eosinophilic Hiirthle 
cells. Many small and medium-sized veins and capillaries were dilated. 

Many of the cortical capillaries and sinusoidal blood spaces in the reticular 
zones and medullae of the adrenals were appreciably dilated. The same was true 
of the splenic venous sinuses and trabecular veins, of the pancreatic interlobular 
veins and intralobular capillaries, and to a moderate extent of the gastric, in- 
testinal, and vesical mucosal and submucosal veins and capillaries. 

The submucous uterine tumor was a typical fibromyoma. 

The sections of other organs were not remarkable. 


Anatomical Diagnosis. Congenital arteriovenous aneurysms; right and left lung. 
Pulmonary edema. 

Widespread venous and capillary dilatation and congestion. 

Cavernous hemangioma of liver. 

Intrarenal arterio- and arteriolosclerosis. (History of hypertension.) 
Myocardial scarring (in supply of circumflex artery). 

Hashimoto’s struma of thyroid. 

Adenomata of kidneys. 

Syphilitic nephritis (?) 

Fibromyomata uteri. 


DISCUSSION 


Historically, angiocardiography, or roentgenographic visualization 


of the heart cavities and large vessels by a radiopaque substance, is a 
fairly recent diagnostic procedure. In 1929 Forsmann (22) inserted 
a catheter into the right auricle and injected into it a radiopaque sub- 
stance but unfortunately his films were a disappointment because 
of faulty technique. A year later Moniz (23) was the first to use the 


above technique and actually visualize the cavities of the heart and the 
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larger vessels. Peripheral injection of the dye was first performed in 
Cuba by Castellanos and Pereiras (24) and they were able to get angio- 
cardiograms of the right heart and pulmonary arteries. The fol- 
lowing year Robb and Steinberg (25, 26) devised a practical method 
of outlining the superior vena cava, the chambers of the heart, and the 
size and shape of the aorta. They used for a dye an organic iodide 
compound, diodrast. 

The cause of death cannot be accurately determined in this case. 
Among the possible contributing factors are the catheterization pro- 
cedure, the diodrast, the past history of cardiac failure and the sudden 
increase in the volume of the circulation. 

Catheterization of the right auricle has been performed safely many 
times since Forsmann’s original experiment. During the past three 
years Cournand (27) has performed this procedure 220 times without 
any untoward effects besides an occasional local thrombosis of the 
exposed basilic vein (27). Many others here and abroad have used 
the catheterization technique without any untoward effects such as 
Stead in Atlanta, Sharpey-Shaefer, McMichael and Bancroft in 
England. Therefore, we doubt that the catheterization was a con- 
tributory factor in her death. 

The most commonly used procedure for injection of the dye into the 
cubital vein could not be used here because of lack of an adequate 
timing device. Robb (28) has carried out his process in roughly 
385 cases, performing about 762 injections “without any fatalities, 
near fatalities, or very severe reactions.’ Steinberg (28) has done 
an additional 100 cases usually with two injections per case without 
running into any difficulty. Taylor (29) reported on 215 injections 
of 30-50 cc. of diodrast (70%) without any severe reactions. The 
most serious sign of toxicity that he noticed was a transient fall in 
blood pressure. 

The possible role of diodrast (3,4 diiodo-4-pyridone-N-acetic acid 
and diethanolamine) in the fatal episode of this patient is obscure. 
A search of the literature was made to study all reported cases of 
death following shortly after intravenous diodrast administration. 
Pendergrass (17) in an extensive survey of experience with diodrast 
and other contrast media in diagnostic procedures, found from a total 
of 661,800 urographic examinations 26 deaths (mortality figure of 
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.0039%), 8 of which were “immediate” (occurring within 1 hour of the 
start of the intravenous injection of diodrast). These 8 cases, together 
with one which we report and 4 additional cases found in the literature 
[Crane (18), Dolan (19), Goldburg (20), Cumming (21)] of “imme- 
diate” death following diodrast were analyzed from the following 
points of view: (1) history of allergy, (2) had diodrast been given prior 
to the last injection? (3) was hypertension and (or) cardiac decompen- 
sation present before the last injection? (4) was there clinically evident 
renal disease? (5) similar pathological findings. Of the 13 cases so 
analyzed, positive allergy histories were obtained in3. Only 4 of the 13 
had received diodrast at a time prior to the final injection, and of these 
4 only 1 had a positive allergy history (asthma). Autopsies were carried 
out in 6 of the 13 cases, 5 of which showed considerable pulmonary 
edema, and these 5 had hypertension and showed evidence of cardiac 
decompensation or clinical renal disease. Three of this autopsied 
group of 5‘ had received diodrast at a time prior to the last injection. 

Cournand (27) has refrained from introducing through the catheter 
any organic iodide compound like diodrast, which is known to cause, 
in some instances, vascular crises when injected through the vein. 
Heathcote (30) noted that the immediate effect of the drug on intra- 
venous injection was a transient fall in blood pressure and a stimu- 
lation of the respiration. With larger doses he found that the fall 
in blood pressure was prolonged and “the stimulation of respiration 
was followed by depression, which with fatal doses, is the cause of 
death.” Skin testing for hypersensitivity has been suggested by 
Robins (31) and now Robb (28) injects intravenously 0.5 cc. of 70% 
diodrast beforehand and so far these preliminary tests have been 
negative. The patient described in this paper showed no sensitivity 
to 10 cc. of diodrast (35%) given intravenously. 

The physiology of the circulation has been studied in cases of 
peripheral arteriovenous fistulae. The shunting of a large amount 
of arterial blood back to the right heart leads to cardiac hypertrophy 
and dilatation. Lewis and Drury (32) denied any change in cardiac 
output whereas Harrison, Dock and Homan (33) found an appreciable 
increase in dogs with surgically produced arteriovenous fistulae. Re- 


* The pathological data studied from the 6th autopsied case did not include the 
lung findings. 
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cently Kennedy and Burwell (34) presented data “that an arterio- 
venous fistula is associated in the main, with the following changes 
in the circulation: an increase in the output of the heart; an increase 
in the total blood volume and increase in the pressure and oxygen 





























TABLE I 
| | 
RODES | SMITH HEPBURN a ADAMS PRESENT CASE 
Clubbing....... + + + + + + 
Cyanosis....... + + + + + + 
Signs of consoli- 

dation....... 0 0 + 0 0 oo 
SE 0 + 0 0 0 ao 
Heart size... . . Normal Nor- Normal Nor- Normal Increased 

mal mal 
Hemangioma- 

visible... .... + 0 0 + ob + 
Dizziness... ... . N.R. + + + 0 + 
Faintness....... + + + + 0 _ 
Thick speech. ... 0 0 + 0 0 + 
Weakness. . 0 + + + 0 + 
Dyspnea....... + + + + 0 + 
Chest pain...... + + 0 + 0 + 
Transient numb- 

Sere 0 + 0 0 0 + 
Emesis. . ; 0 0 0 + 0 ao 
Polycythemia. . . + + + + + + 
Oxygen unsat- 

uration....... N.R. N.R. + + N.R. 
X-ray evidence . + + + + + + 
Hemoptysis..... 0 0 0 + a 
Final outcome. .| Death from | ? Pneumonec- ? Pneumonec- | Death 

pulmonary | tomy well tomy well 
hemorrhage| 
Autopsy........ Multiple | ? | Cavernous ? | Cavernous Arteriove- 
hemangio- hemangio- hemangio- nous 
| ma ma 





mata 








fistulae 





+ = present; 0 = absent; N.R. 


not recorded. 


content of the venous blood near the fistula; no change in the general 
venous pressure in the presence of a competent heart; an increase in 


the heart rate;.... 


They furthermore noted that the work of the 


heart itself was increased and if continued long enough, might lead 


to cardiac hypertrophy and congestive heart failure. 





Of course this 
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all applies to a shunt in the peripheral circulation and not in the 
pulmonary circulation as in this case. However, one would suppose 
from looking at the drawing (Fig. 3b) that a large volume of venous 
blood would leave the right ventricle, bypass the pulmonary bed, 
and return unoxygenated to the left auricle. This would cause an- 
oxemia, its secondary effects of fatigue, cardiac dilatation, polycy- 
themia, and an increase in blood volume. The low oxygen tension, 
measured in three of the cases (7, 13, 15), is probable stimulus to the 
hematopoietic system so that polycythemia and clubbing of the fingers, 
commonly found in congenital heart disease, develops (35). 

This explains the patients’ symptoms. The patient’s congestive 
failure could be explained on the basis of the increased cardiac output 
due to the A-V fistulae, and it is possible that the terminal event was 
due to acute left sided failue as a result of the additional strain put 
on the already scarred left ventricle by the sudden i.v. injection of 
fluid, or some quite unknown effect of the diodrast on the heart. 

Although Hepburn (13) reported a case of arteriovenous fistula in 
which angiography was performed without fatality, it seems most 
likely that these cases may be more susceptible to untoward cardiac 
effects because a large amount of dye may go through the A-V shunt 
to the left heart and coronary vessels without having been through 
the mixing effect of the lung capillaries. 

From an analysis of the five previously reported cases of cavernous 
hemangioma of the lung, this condition ought to be suspected when one 
finds clubbing, cyanosis, dizziness, dyspnea, fatigue, polycythemia, 
and roentgenographic evidence of unusual pulmonary opacity. Table 
I is a summary of the signs and symptoms of the five reported cases 
and the present case. 

Although this case had a fatal ending during the diagnostic pro- 
cedure the severity of her symptoms, the possibility of cure by surgery, 
and the safety of the procedure shown by Robb, made it seem justifiable 
to use angiocardiography to definitely and accurately establish the 
diagnosis. 

Treatment planned for in this case and used successfully in two 
others (7,13) was pneumonectomy. In the hands of an expert thoracic 
surgeon the mortality of this operation is now 12% (1). 
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CONGENITAL ARTERIOVENOUS ANEURYSMS 


SUMMARY AND CONCLUSIONS 


A case of multiple congenital arteriovenous aneurysms in the pul- 
monary circulation is presented. The diagnosis established by 
angiography was confirmed at autopsy, and the pathological findings 
are reported. The clinical picture of six reported cases is summarized. 
The usual symptoms are weakness, faintness and dizziness, dyspnoea, 
chest pain, and hemoptysis. The signs are cyanosis, clubbing of the 
fingers, often visible hemangiomata, bruit over chest, polycythemia, 
and x-ray evidence of a localized opacity in the lung. The diagnosis 
can be definitely established by angiography. The treatment is 
pneumonectomy. 

A brief discussion is given of angiographic technique and the phys- 
iological effects of pulmonary arteriovenous communications. Angi- 
ography has proven a useful procedure but may be dangerous in a 
patient with a circulatory shunt from right to left heart. 

A clinico-pathological analysis is made of 12 previously reported 
cases together with the one we report of death following within one 
hour the intravenous injection of diodrast in diagnostic procedures. 
A possible conclusion one may reach from the breakdown of these 
data is that the intravenous use of diodrast should be approached with 
caution in the case of patients with hypertensive cardio-renal disease. 


We are indebted to Dr. Arnold R. Rich, Dr. Warfield T. Longcope 
and Dr. Alfred Blalock for their helpful criticism. 
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SULFAMERAZINE IN THE TREATMENT OF 
PNEUMOCOCCAL LOBAR PNEUMONIA 


AN ANALYSIS OF 292 CASES 


A. GENECIN, M.D., R. C. AUSTRIAN, M.D., anp R. A. NELSON, M.D 


From the Department of Medicine, the Johns Hopkins University School of Medicine, 
Baltimore, Maryland 


Since January, 1943, when sulfamerazine (2-sulfanilamido-4-methy]l- 
pyrimidine) was made available to us for clinical trial,! we have used it 
in the treatment of 292 patients with primary lobar pneumonia at the 
Johns Hopkins Hospital. This report will deal with an analysis of 
these cases and the evaluation of this chemotherapeutic agent in the 
treatment of pneumococcal pneumonia. 

The early published studies on sulfamerazine (1, 2, 3, 4, 5, 6, 7) have 
stressed the desirable pharmacological properties of the drug, namely its 
rapid and relatively complete absorption from the gastro-intestinal 
tract, its slow renal excretion, the solubility of sulfamerazine and its 
acetyl derivative, particularly in alkaline media, and its relative lack of 
toxicity compared to other sulfonamides. A number of reports already 
in the literature (8, 9, 10, 11, 12, 13, 14, 15, 16) attest to the relative 
safety and efficacy of the drug in the treatment of a wide variety of bac- 
terial infections. The preliminary studies dealing with the results in 
the treatment of pneumococcal pneumonia (9, 15, 20) show an effec- 
tiveness comparable to that of sulfadiazine which heretofore has been 
the drug of choice. 


SELECTION OF CASES 


The group of 292 patients described herein represents adults of both 
sexes admitted to the public medical wards of the Johns Hopkins 
Hospital in the period January, 1943, to June, 1944, in whom a diag- 
nosis of primary lobar pneumonia was made. With the exception of a 
small number of patients treated with sulfadiazine who are not included 
in this study, sulfamerazine was the chemotherapeutic agent routinely 
used during the period of study. Included for analysis and discussion 


1 Supplied through the kindness of Dr. William Feirer of Sharp and Dohme 
Company, Philadelphia, Pennsylvania. 
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are 36 patients in whom supplementary therapy in the form of anti- 
pneumococcal rabbit serum or penicillin was used. 

The character of the patient population under survey is illustrated in 
Tables I, II, and III. The age distribution is similar to the pneumonia 
series previously studied in this hospital (17) (Table I). Over one-half 
the patients were negro males, and the colored patients outnumbered 


TABLE I 
Distribution of patients by age 





NUMBER OF CASES | PERCENTAGE OF TOTAL 





28 
77 
78 
60 
22 
22 

4 

1 


| 








292 





TABLE II 
Distribution of patients by race and sex 





NUMBER OF CASES PERCENTAGE OF TOTAL 





NT on kaa carson cad we ale Paws 167 
I ye das tid ak th we lee a 40 
White male MN ap ; ne 64 
RS cau cbeswdcaaeewa 21 





292 











the white in a ratio of 7 to 3 (Table II). The number of patients with 
concurrent illnesses, either acute or chronic, of prognostic significance is 
rather high (Table IIT). Chronic alcohol addiction and cardiovascular 
disease, 15.1% and 10.3% respectively, head the list of complicating 
diseases. In all, 43.8% of the entire group had one or more such con- 
current illnesses. Although the data on sulfonamide medication prior 
to hospital entry are incomplete, particularly as regards testing the 
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patients’ blood for the presence of this group of compounds before 
institution of chemotherapy, at least 16% of patients had definitely 
received one or another of the sulfonamide drugs for variable periods 
of time before admission. It is not improbable that almost one-fifth 
of the group is more nearly the correct figure. The proportion of cases 
with bacteriemia, 20.9%, represents the usual experience at the Johns 


TABLE III 
Incidence of concurrent disease 





PERCENTAGE 
OF TOTAL 





None. . 

Cardiovascular 

Renal.... 
Alcoholism... . ; 
Diabetes mellitus. .. . . 7” 
Tuberculosis and bronchiectasis 
Bronchial asthma 

Pregnancy 

Liver disease 

Other. . 

Unknown... 
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Number of cases with one or more concurrent disease . 











TABLE IV 
The influence of bacteriemia upon outcome 





NUMBER OF LIVING AND LIVING WITH 
CASES WELL COMPLICATIONS 





Bacteriemic 61 (20.9%) | 27 (44.2%) | 17 (27.8%) | 17 (27.8%) 
Non-bacteriemic. . 231 (79.1%) | 194 (84.0%) | 28 (12.1%) 9 (3.9%) 














Total 292 221 (75.6%) | 45 (15.4% 26 (8.9%) 





Hopkins Hospital (17). The prognostic influence of bacteriemia is 
rather strikingly illustrated in Table IV. Whereas the case fatality 
and complication rates in the bacteriemic group are high (27.8% in 
each instance), the cases without blood stream invasion had a much 
happier outcome. The great majority of fatalities (23 out of 26) oc- 
curred in a group of 146 patients admitted three or more days after 
the onset of illness. 
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TIME DISTRIBUTION OF ADMISSIONS 


The monthly admissions and deaths are graphically represented in 
Figure 1. It will be noted that the peak of admission of lobar pneu- 
monia during the period of study occurred during the month of Decem- 
ber, 1943, contemporaneous with the rather severe epidemic of 
influenza prevalent in many parts of the country at that time (21). 
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Fic. 1. MonTHLY ADMISSIONS AND DEATHS IN A SERIES OF 292 PATIENTS TREATED 
FOR LOBAR PNEUMONIA WITH SULFAMERAZINE 


Although the case fatality rate was high during the month (17.3% of 
52 cases), higher fatality rates are recorded in the relatively smaller 
groups seen in June and August of 1943 and May and June of 1944. 
Many of the patients admitted in December of 1943 gave histories of 
antecedent infections resembling influenza, although the exact numbers 
are unknown. 

It is safe to conclude that the severity of pneumonia, during the 
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period in which sulfamerazine was used, was as great or greater than 
that observed in previous years in the Johns Hopkins Hospital. 


DIAGNOSIS 


A characteristic history, physical findings and X-ray evidence, 
together with the demonstration of typable pneumococci in the sputum 
and/or blood were used as the criteria for the diagnosis of lobar pneu- 
monia. The blood of all patients was cultured before institution of 
specific therapy. An attempt was made to obtain direct capsular 


TABLE V 
Distribution of pneumococcal types encountered in 292 lobar pneumonia patients 





TYPE PNEUMOCOCCUS NUMBER OF PATIENTS 





I 
IT 
III 
IV 
V 
VI 
VII 
VIII 
IX 
XII 
XXV 
Other types 
Untyped pneumococci 
Undetermined organisms 
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swelling of the pneumococci in the sputum of all patients suspected of 
having the disease. If the direct Quellung reaction was negative, 
mouse peritoneal inoculation was used to isolate and type the pneumo- 
cocci. In 34 patients, pneumococci could not be demonstrated in 
either the sputum or blood. These are included in the study because 
other findings and the subsequent clinical course are identical with 
those in primary lobar pneumonia. The distribution of pneumococcal 
types shown in Table V reveals a high incidence of infections with the 
pneumococcus types VII, XII, and XXV, organisms not usually pre- 
dominant in this hospital (17) or elsewhere (19). 
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The recovery of pneumococci from the sputum in patients who had 
or had not received sulfonamides before hospitalization is shown in 
Table VI. It can be seen that the recovery of pneumococci was greater 
in those patients who had not received sulfonamides. This may mean 
that such administration causes pneumococci to disappear from the 
sputum of patients with pneumococcal pneumonia even though the 
clinical disease has not been controlled as hospitalization of the patient 
would indicate. It may also signify that these patients did not have 
pneumococcal pneumonia and that hospitalization was prompted by 
failure of sulfonamides to control the illness. Information on this 
point is lacking. 

TABLE VI 


Effect of administration of sulfonamides before entry on ability to recover a pneumococcus 
in the sputum 





PNEUMOCOCCUS RECOVERED 





Yes No 





Sulfonamide given before | Yesorprob- | 43 (76.8%) | 13 (23.2%) | 56 (19.1%) 
admission ably 
No 215 (91.2%) | 21 (8.8%) | 236 (80.9%) 





258 (88.7%) | 34 (11.3%) | 292 

















Primary atypical pneumonia, staphylococcal, streptococcal, influen- 
zal and other acute pulmonary infections are excluded from the series 
under discussion. 


PLAN OF TREATMENT 


An initial dose of either 4 grams of sulfamerazine by mouth or 5 
grams of sodium sulfamerazine intravenously (5% solution) was 
given immediately on admission to almost all patients. Subsequent 
maintenance doses were given by mouth except in rare instances where 
oral medication was impossible. Six different schedules of dosage were 
tried (Table VII). A seventh group of patients was treated somewhat 
erratically for various reasons. 

In the early part of the study thirteen of the more severe cases were 
given anti-pneumococcal rabbit serum as supplementary therapy, 
either because of initial grave prognosis or poor response to chemo- 
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therapy. Later, as penicillin became more generally available and its 
value in the treatment of pneumococcal infections became apparent 
(23), twenty-two patients were given that drug in addition to full 
doses of sulfamerazine. The penicillin was given intramuscularly or 
intravenously, usually in doses of 20,000 Oxford units every three 
hours. 

Treatment with sulfamerazine was continued in all cases until 48 
hours or more after the temperature and clinical response indicated 
satisfactory control of the infection. The period of time and total 
quantity of drug necessary to bring about cure was exceedingly vari- 
able. Treatment was promptly discontinued on suspicion of toxic 


TABLE VII 
Schedule of dosage employed 








3 gms. per day (1 gm. every 8 hours), initial oral 4 gms. 
3 gms. per day (1 gm. every 8 hours), initial i.v. 5 gms. 
4 gms. per day (1 gm. every 6 hours), initial oral 4 gms. 
4 gms. per day (1 gm. every 6 hours), initial i.v. 5 gms. 
6 gms. per day (1 gm. every 4 hours), initial oral 4 gms. 
6 gms. per day (1 gm. every 4 hours), initial i.v. 5 gms. 
Irregularly treated 














reaction. Whenever possible, an oral test dose of 0.5 to 1.0 grams was 
given before hospital discharge in cases where cutaneous and febrile 
sensitivity were suspected. 

Blood sulfamerazine determinations were done at frequent intervals. 
That sulfamerazine is rapidly absorbed after an initial oral dose was 
corroborated in our data (Figure 2). The median level of free sulfa- 
merazine (whole oxalated blood was used in all determinations which 
were done by the method of Bratton, Marshall, et al. (22)) two hours 
after ingestion of four grams was 3.4 mg.%. Thereafter, the level 
continued to rise rapidly on a treatment schedule of 1 gram every 8 
hours, and the 24 hour median level was 10.1 mg.%. In Figure 3 
are represented median blood levels of free sulfamerazine on schedules 
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Fic. 2. MEDIAN WHOLE BLOOD CONCENTRATIONS OF FREE SULFAMERAZINE 
OBSERVED DURING THE 24 HouRS FOLLOWING ORAL ADMINISTRATION OF 4 
GMs. FOLLOWED BY 1 Gram Every 8 Hours (22 PATIENTS) 





levels were obtained with the more intensive schedules. With the 
passage of time, the daily median levels on all schedules decreased. 





120 A. GENECIN, R. C. AUSTRIAN AND R. A. NELSON 


On the 3 grams per day schedule, the daily medians varied between 
approximately 5 and 10 mg.%; on the 4 grams per day dosage, between 
7.5 and 9.5 mg.%; and on 6 grams per day, between 10.5 and 15.5 
mg.%. 
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Fic. 3. MEDIAN WHOLE BLoop CONCENTRATIONS OF FREE SULFAMERAZINE OB- 
SERVED IN 165 PATIENTS ON A DosaGE oF 3 Grams A Day (SCHEDULES 1 AND 
2), 62 Patents on 4 Grams A Day (SCHEDULES 3 AND 4), AND 33 PATIENTS 
on 6 Grams A Day (SCHEDULES 5 AND 6) 


TOXIC REACTIONS 


The toxic reactions which were encountered were of the character 
and approximate frequency observed with other members of the 
“sulfadiazine” group of homologous compounds (15, 20). In Table 
VIII the types and frequency of toxic reactions encountered are 
presented. Ten and six-tenths percent of all patients treated experi- 
enced some toxic reactions. Intolerance in the forms of fever and/or 
rash and hematuria, microscopic or gross, head the list of untoward 
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effects, confirming the original observations of Clark, Flippin, and 
Murphy (4). The eruptions observed were similar to those described 


TABLE VIII 
Toxic reactions to sulfamerazine in 292 patients treated for lobar pneumonia 





292 PATIENTS 
NO. OF PATIENTS 





No. % 





No toxic reaction 89.4 
Fever and/or rash 14 4.8 
Renal (microscopic hematuria) 9 
Renal (gross hematuria) 





2 
5 
1 
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Fic. 4. Case NuMBER 1. AN INSTANCE oF “Druc” FEVER IN AN ALCOHOLIC 
PATIENT WITH LOBAR PNEUMONIA 





with other sulfonamides. In one instance a papulo-vescular eruption 
with bilateral conjunctivitis and stomatitis resembling erythema multi- 
forme exsudativum was observed. No instances of lesions suggesting 
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erythema nodosum were seen. An example of sulfamerazine fever 
is shown by Case 1. 


Case 1 (Figure 4), J.H.H. #261711, a 49 year old colored preacher admitted on 
third day of illness with pneumococcus type IV infection of all three right lobes. 
Blood culture sterile. Leucocyte count 7800. History of sulfathiazole therapy 
before entry. Concurrent disease: chronic alcoholism with severe delirium tremens, 
Treated with oral drug without initial dose with slow but progressive clinical re- 
sponse and rapid mental clearing. Failure of temperature to reach normal after 45 
grams of sulfamerazine had been administered led to discontinuing drug on 15th 
hospital day, followed by prompt defervescence of fever. Test dose of 0.5 gm. 
given by mouth on 24th day followed by temperature elevation to 101.2°, thus con- 
firming diagnosis of fever due to sulfamerazine. 


The symptoms and signs of major renal complications, i.e., flank 
pain, calculi, hematuria, and renal suppression, were seen in only two 
patients. Both patients recovered promptly on discontinuation of the 
drug and the forcing of fluids and alkalis. It should be mentioned that 
alkalis were not administered routinely to all patients. Mental or 
gastro-intestinal symptoms which could be attributed to therapy were 
extremely rare although delirium, particularly in alcoholic patients, 
was commonly seen. No instance of peripheral neuritis was noted, 
nor has it been observed as yet in any of the series reported in the 
literature, although it has been carefully looked for in view of the 
structural analogy with sulfamethylthiazole (1). There were no 
instances of acute hemolytic anemia or thrombocytopenic purpura. 
Leucopenia sufficient to occasion discontinuing the drug was encoun- 
tered in five patients (total leucocyte count below 3500). In many 
patients, however, despite continued therapy after a fall in leucocyte 
count to levels of 3500 to 4000, there were no alarming consequences. 
There were no deaths which could be attributed to treatment, and, as 
yet, in none of the patients autopsied at the Johns Hopkins Hospital 
after sulfamerazine had been administered, either for pneumonia or 
some other infection, have there been pathologic evidences of intoxica- 
tion.2 An attempt was made to correlate dosage with toxicity. The 
differences observed in the frequency of reactions on various dosage 
schedules were not thought to be significant because of the small num- 
ber of patients in each group. 

We have not included in the table of toxic manifestations a group of 


2 Personal communication from Dr. John E. Gregory. 
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seven patients in whom a secondary rise in temperature occurred 48 
hours or more after institution of chemotherapy without evidence of 
spreading infection, complication or toxic reaction to sulfamerazine. 
Although it should be emphasized that recrudescence of fever usually 
portends some complication of pneumonia or of therapy, in this group 
it could not be demonstrated, either by physical or by laboratory 
examination, that this was the case. An example of this may be seen 
in Figure 5. 


ANALYSIS OF RESULTS 


Separate analyses for groups of cases treated with sulfamerazine, 
antiserum plus sulfamerazine, and penicillin plus sulfamerazine are 
presented in Tables [Xa andIXb. Two hundred and fifty-six patients 
were treated with sulfamerazine alone (Table [Xa) with a case fatality 
rate of 5.4% and a complication rate of 12.5%. In the tables, the 
patients with bacteriemia and those without initial positive blood cul- 
tures are separately studied with respect to outcome. The relatively 
low incidences of patients with involvement of more than one lobe, 
concurrent disease and bacteriemia in this group attests to the milder 
nature of these infections as contrasted with the incidences in the se- 
lected groups of the more seriously ill patients who required supple- 
mentary specific therapy (Table IXb). This is further borne out by a 
comparison of the case fatality rates and the types and frequency of 
complications encountered in the two groups of cases (Table X). The 
sulfamerazine and serum treated cases (Table IXb), 13 in number, 
which included patients either critically ill when first seen or patients 
failing to respond to sulfamerazine alone, suffered a case fatality rate of 
38.4%. The 22 patients who received penicillin as adjunct therapy 
(Table [Xb), perhaps the most unfavorable group prognostically as 
judged by a bacteriemic rate of 86.3%, had a case fatality rate of 
27.3%—a demonstration that penicillin is probably as effective as 
anti-pneumococcal serum, if not more so, as an adjunct to sulfonamide 
treatment. 

The course in a patient treated with combined penicillin and sulfa- 
merazine is illustrated by Case 2. 


Case 2 (Figure 6), J.H.H. #158727, a 66 year old white man admitted on third 
day of illness with type III lobar pneumonia involving LUL and LLL. Initial 
blood culture positive-broth. WBC 4400. Admission complications: arterioscle- 
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TABLE IXa 
Analysis of 256 patients treated with sulfamerazine alone 





NUM- BACTERIEMIC 


NUM- 
BER 


NON-BACTERIEMIC 





Com- 
plica- 
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PLE 
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Num- 
ber 


Num- 
ber 


RENT Deaths 





Sulfamerazine 
64 108 


42.1% 


33 
12.9% 


223 
87.1% 


26 7 


3.1% 























TABLE IXb 
Analysis of 35 patients treated with sulfamerazine and supplementary therapy 
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TABLE X 


Complications encountered in 292 lobar pneumonia patients treated with sulfamerazine 





256 CASES WITH- 
OUT SUPPLEMENTARY 
TREATMENT 


36 CASES WITH 
SUPPLEMENTARY 
TREATMENT 





Pleurisy . . . 
Empyema 


Thrombophlebitis............... 


Lung abscess 
Pericarditis 
Meningitis 


Unresolved pneumonia.......... 


211 (82.5%) 
14 (5.4%) 
(3.5%) 
(3.5%) 
(0.8%) 
(2.0%) 
(0 ) 
(0 ) 
(0 ) 
(2.3%) 
(1.2%) 


wacoouwuns © 


10 (27.8%) 
12 (33.0%) 
4 (11.1%) 
4 (11.1% 
(2.8%) 
(5.6%) 
(5.6%) 
(2.8%) 
(2.8%) 
(5.6%) 
(8.3%) 


221 (75.6%) 

(8.9%) 
(4.5% 
(4.5%) 
(1.0%) 
(2.4%) 
(0.7%) 
(0.3%) 
(0.3%) 
(2.7%) 
(2.1%) 


26 
13 
13 
3 
7 
2 
1 
1 
8 
6 





Patients with death or compli- 


cations 








45 (17.6%) 


26 (72.4%) 





71 (24.3%) 








126 A. GENECIN, R. C. AUSTRIAN AND R. A. NELSON 


rotic heart disease with cardiac enlargement and myocardial insufficiency, bundle 
branch block, late latent syphilis, paralysis agitans, chronic alcohol addiction, 
senile psychosis, cirrhosis of the liver, probably Laennec’s, with jaundice and 
hepatic insufficiency. Treated with initial i.v. 4 gm. dose followed by 3 grams a 
day. Treatment with penicillin 20,000 Oxford units i.m. every three hours started 
on second hospital day after an initial i.v. dose. Treatment with penicillin discon- 
tinued on fifth hospital day after total of 375,000 Oxford units. Clinical response 
satisfactory. Normal temperature on fifteenth day. 


The infrequency of toxic reaction to penicillin (24), its greater ease of 
administration, and its eventual greater availability make it likely that 
penicillin will be used in preference to anti-pneumococcal serum in 
most cases resistant to sulfonamide therapy. A single patient, whose 
case is discussed below (Case 3), received all three agents with a fatal 
termination to his disease. 


Case (Figure 7), J.H.H. #309364, a 19 year old colored boy admitted on the 
first day of illness with RLL pneumonia due to pneumococcus type III. Initial 
blood culture sterile. WBC 8800. No previous sulfonamide therapy. No con- 
current illness. Treated with initial i.v. 5 gm. dose followed by one gram every 8 
hours. Temperature remained high. WBC rose to 15,800 on third hospital day. 
On fifth day, temperature rose still higher, disease spread to LLL, pneumococcus 
type III was again obtained from sputum and blood culture became positive. 
Received 320,000 units of serum and 2 additional grams of sulfamerazine on fifth 
day. On seventh day, blood culture was sterile, but there was no clinical response. 
Twenty cc. sterile fluid removed from right chest. Treatment started with penicil- 
lin. Two hundred thousand units given i.m. on seventh and eighth days. Blood 
culture remained sterile. Sudden death on eighth day. Autopsy findings: resolv- 
ing pneumonia with early abscess formation in RLL, lobular pneumonia RML and 
RUL, marked cardiac dilatation, enlarged liver, focal atelectasis left lung; culture 
of lung and heart’s blood sterile. 


In the entire series of 292 cases, the case fatality rate if 8.9% and the 
incidence of non-fatal complications is 15.4%. It should be men- 
tioned that 15 of the 26 deaths occurred within 24 hours of entry—an 
indication in most instances of overwhelming infection in all likelihood 
not apt to be influenced by any of the present day methods of treat- 
ment. The case fatality rate, excluding deaths within 24 hours after 
institution of treatment, is 4.0%. 

Table X is an analysis of the distribution of complications 
encountered in the variously treated groups of patients. It can be 
readily seen in Table X that the more seriously ill patients who re- 
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covered suffered the highest rate of complication. The patients 
treated with sulfamerazine alone had a combined case fatality and 
complication rate of 17.6% and those with additional specific therapy 
72.4%. The most commonly observed non-fatal complications were 
spread of the infection and pleurisy. Thrombophlebitis occurred in 
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Fic. 6. CASE NumBEer 2. A GRAVELY ILL PATIENT, PRESENTING Many UN- 
FAVORABLE CLINICAL FEATURES, WHO RESPONDED WELL TO THE 
COMBINATION OF SULFAMERAZINE AND PENICILLIN 



































seven patients, empyema in only three patients, and unresolved pneu- 
monia in eight instances. Other more serious complications occurred 
relatively infrequently. Sixteen of the twenty-six patients who died 
were autopsied, and in four of these the diagnosis of lobar pneumonia is 
open to question. In two others, death was the result of sudden 
cardiovascular accident indirectly related to the infection. The 





A. GENECIN, R. C. AUSTRIAN AND R. A. NELSON 


OJ. CMIS TYPE 3 


in- 4 28-066 t 8 


107, 
TEMP 106 
105; 
104) 
103 


0O UNITS 


320,000 UNITS 
DEATH 


102) 


PENICILLIN 
100,000 UNIT 


100, 


101 


100; LAN 


99 


~ 
B 








BLOOD 
CULTURE + 


WBC 


x1000 


9 
BLOOD «| me 
LEVEL 7: 
MGM % «; 


5 


8.84 12.4 15.7 8.84 9.16 








4 


DOSAGE 3 
GRAMS , 



































Fic. 7. Case NuMBER 3. AN INSTANCE OF FAILURE TO RESPOND TO COMBINED 
TREATMENT WITH SULFAMERAZINE, ANTI-SERUM, AND PENICILLIN IN A YOUNG 
PATIENT ADMITTED EARLY IN THE COURSE OF THE DISEASE IN WHOM A 
FAVORABLE OuTCOME Was To BE EXPECTED 
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remainder of the deaths must be classed as outright therapeutic failures, 
despite the presence, in some, of serious concurrent illness or over- 
whelming infection. 


DISCUSSION 


The search for a sulfonamide compound of maximum effectiveness in 
controlling bacterial infection and of minimum human toxicity con- 
tinues. Our experience and the data presented lead us to believe that 
sulfamerazine is a useful addition in the therapy of pneumococcal 
lobar pneumonia. ‘The analysis of this material can leave little doubt 
that serious pneumococcal infections were treated. The case-fatality 
rates indicate a therapeutic efficiency at least equal, we feel, to that of 
other sulfonamides such as sulfapyridine, sulfathiazole, and sulfadia- 
zine. In the main, clinical responses were satisfactorily prompt and 
the rates of complication low. Several seriously ill patients had excel- 
lent results using sulfamerazine alone as is illustrated in Case 4 given 
below: 


Case 4 (Figure 8), J.H.H. #313610, a 33 year old white male admitted on third 
day of illness with RLL and RML pneumonia due to pneumococcus typeI. Initial 
blood culture positive-3 col./cc. Leucocyte count 14,600. Concurrent disease: 
pulmonary Tbe. LUL, late syphilis, chronic alcohol addiction with delirium 
tremens. No sulfonamide before entry. Treated with initial i.v. 5 gm. dose fol- 
lowed by somewhat irregular oral medication with maintenance of satisfactory 
levels and rapid response. Low grade fever during second hospital week due to 
tuberculosis. 


The effect of the rate and amount of absorption when compared to 
rate and amount of excretion of sulfamerazine is maintenance of rela- 
tively high blood levels on small daily dosage. If these levels are to 
be compared with other sulfonamides, such as sulfadiazine, the degree 
of plasma protein binding of each agent must be taken into considera- 
tion as the non-bound fraction is probably the therapeutically active 
portion (25, 26, 27, 28). We feel that most cases of pneumococcal 
lobar pneumonia will respond well on a schedule of an initial dose of 
4 to 5 grams followed by 1 gram every 8 hours. Larger doses and 
more frequent administration are probably unnecessary and may in- 
crease the frequency of unpleasant reactions to the drug. 

The toxic reactions observed in this series have not been unusual 
or frequent. All of the patients were able to take the drug without 
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nausea, vomiting or significant mental confusion. As expected, hyper- 
sensitivity developed in a small proportion. The other potentially 
serious reactions seemed to be limited to decrease in total leucocyte 
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count and the various renal manifestations. In our series these were 
mild and infrequent. Despite concern based on the serious peripheral 
neuritis observed with the use of sulfamethylthiazole, no reactions of 
this nature have been observed with sulfamerazine even though it is 
a methyl derivative of sulfadiazine. 
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SUMMARY 


1. An analysis of 292 cases of lobar pneumonia treated with sulfa- 
merazine, either alone or in combination with anti-pneumococcal serum 
or penicillin, is presented. 

2. Case fatality rates, rate of complication and adequacy of immedi- 
ate response indicate that sulfamerazine is effective in the treatment of 
lobar pneumonia. 

3. Sulfamerazine, when given in daily dosages as small as 3.0 grams 
per day after initial larger doses, produces high and relatively stable 
blood levels which are adequate in most instances to control pneumo- 
coccal pneumonia. 

4. Toxic reactions were observed in 10.6% of the patients. These 
reactions were of the type seen following sulfadiazine. No instances of 
peripheral neuritis were observed. 

5. A small group of patients with particularly severe pneumococcal 
pneumonia were treated with sulfamerazine and penicillin. The 
results observed were very encouraging. 
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THE THERAPEUTIC VALUE OF PENICILLIN APPLIED 
LOCALLY, BASED ON EXPERIENCE WITH THE CRUDE 
MATERIAL IN A VARIETY OF INFECTIONS 


A. MURRAY FISHER, M.D. 


From the Biological Division, Department of Medicine of The Johns Hopkins 
University and Hospital 


I. INTRODUCTION 


In attempting to evaluate the clinical possibilities of any anti- 
bacterial agent for local application there are certain factors of funda- 
mental importance to be considered. In the first place the agent 
should be highly soluble in all types of normal and pathologic body 
fluids so that it may be readily dispersed to all parts of the infected 
surface. Secondly, its activity must not be inhibited by these same 
body fluids; otherwise its in vitro reactions will not be duplicated in 
vivo to any significant degree and it ceases to be of any real thera- 
peutic promise. A third item of great importance concerns the matter 
of toxicity: the antibacterial substance should not be injurious to cells 
locally nor to the body generally. One must also consider carefully 
the question of development of local or general hypersensitivity. 
And, lastly an ideal local antiseptic would be one which is rapidly 
active against all bacteria in high dilutions and one which remains 
stable under all sorts of environmental conditions. 

The perfect antibacterial solution—the one fulfilling all these cri- 
teria—has certainly not been found as yet. Many of those in com- 
mon use today, as well as those which have been proposed in the past, 
fall short when considered in the light of the qualifications which are 
listed above. Two of these may be mentioned briefly. Tyrothricin 
(or its derivative gramicidin), which was obtained from cultures of the 
soil bacillus, B. brevis, by Dubos, kills gram positive cocci very rapidly 
and has been successfully employed in many local infections due to 
those organisms. Its usefulness is limited, however, by its low solu- 
bility as well as by its strictly selective bactericidal action; and, fur- 
thermore, it is highly toxic if introduced intravenously or intrathecally. 
The action of the sulfonamides is only bacteriostatic; and, though 
they are highly diffusible when in solution, their action is inhibited by 
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purulent exudates. Hence their value in local therapy is limited 
mainly to the prevention of infection rather than its cure. A further 
objection to the widespread use of the sulfonamides in local infections 
concerns the possible danger of producing a generalized hypersensi- 
tivity which may render their subsequent internal administration 
dangerous 

The chief properties of penicillin which are of clinical importance 
may be defined briefly as follows. It is very soluble in strong concen- 
trations in water, saline and all body fluids and hence readily dis- 
persible to all parts of an infected surface. Its action is not inhibited 
by normal or pathologic body fluids nor by p-amino-benzoic acid 
which interferes with the action of the sulfonamides. It is not toxic 
locally, and there is no danger of a serious general toxic reaction 
from absorption locally, nor from parenteral injection, in thera- 
peutic doses. The question of whether or not penicillin employed 
locally can lead to a general hypersensitivity is one that can 
only be answered after very extensive experience; but, judging from 
the extremely low incidence of local reactions in the patients to be 
reported in this paper and the rare occurrence of general hypersensitive 
reactions in reports of those treated parenterally, one might safely 
assume that this complication will not be a serious or frequent one. 
The chief practical limitations to the use of penicillin as a local thera- 
peutic agent are imposed by the fact that it is active only against 
certain bacteria and that it is relatively unstable. The bacteria which 
are sensitive to its action include the staphylococci (except for approx- 
imately ten per cent which are resistant); nearly all streptococci; the 
anaerobic streptococcus, the meningococcus, pneumococcus, gono- 
coccus, Cl. welchit and C. diphtheriae. The resistant bacteria are 
notably E. coli, E. typhosa, B. proteus, Pseudomonas aeruginosa (pyo- 
cyaneus), B. alkaligenes, alpha Streptococcus fecalis, H. influenzae, aero- 
bacter aerogenes and Friedlander’s bacillus. Fortunately, the organ- 
isms most frequently involved in serious local infections are found in 
the former or penicillin-sensitive group, though chronically infected 
open lesions are often heavily infected also by members of the resistant 
group, some of which produce an inhibiting substance (a “peni- 
cillinase”’) which is capable—in vitro at least—of neutralizing the 
effect of penicillin. This serves to emphasize the importance of mak- 
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ing careful bacteriologic studies of lesions before instituting this type 
of therapy. As to the question of stability, we are dealing with a 
biological product which is susceptible to bacterial contamination 
and which may be inactivated by such bacteria; this is particularly 
true of the crude form of penicillin which is a culture filtrate and which 
may serve as a culture medium for many organisms. It is important, 
therefore, that it should be handled with aseptic technic and kept at 
ice-box or freezing temperatures when not in use. If these precautions 
are employed, the penicillin remains stable for suitably long periods. 


Il. REPORTS FROM THE LITERATURE 


Reports appearing from many clinics indicate the promise of a wide 
field of usefulness for penicillin employed as an external application in 
local infections. Fleming (1) in 1929, at the time of his original 
description of this antibacterial agent, suggested its possible use as an 
antiseptic, though a good many years elapsed before its purification 
was begun and therapeutic trials instituted. In 1941 Abraham (2) 
and his colleagues at Oxford, England, reported favorable clinical 
trials with purified penicillin in a few systemic infections and in their 
series there were 4 patients with eye infections in whom it was used 
locally with success. Other significant contributions include the 
following: a series of 172 cases of infections of the eye, mastoid, 
wounds, sinuses, etc. treated by the Floreys (3) with good results in 
most; 75 burns and wounds treated by Bodenham (4), the burns being 
treated with a cream of lanette wax and soft paraffin containing 100 
to 200 units penicillin per gram, and the wounds with a powder mixture 
in which the usual concentration was 1000 units per gram; a discussion 
by Lyons (5) of the value of local and parenteral penicillin therapy 
combined with surgery in war wounds. The treatment of 54 cases of 
burns infected by streptococci and staphylococci was described by 
Clark et al. (6), who used an ointment containing approximately 120 
units penicillin per gram; this therapy caused disappearance of the 
organisms in 5 days in 41 of the patients. Cairns (7) described his 
experience with 23 infected brain wounds treated by instillation of 
calcium penicillin—250 units per cc.—twice daily into the cavity for 
4 to 6 days; 20 of these healed very satisfactorily. In the course of 
the successful therapy of 46 cases of lobar pneumonia with penicillin, 
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Tillett and his colleagues (8) encountered 8 cases of pneumococcal 
empyema; 7 of these were cured by intrapleural injections of the peni- 
cillin in amounts of 30,000 to 40,000 units in 30 to 50 cc. of normal 
saline every 2 days for at least 3 doses. A careful study was made by 
Struble and Bellows (9) of the distribution of penicillin in the eye 
following parenteral and local administration in animals. They found 
that after subconjunctival or topical application very high concen- 
trations of the drug could be obtained in the more superficial structures, 
and infections close to the surface were quickly controlled in all of 13 
cases by local application. The work of Mowlem (10) emphasizes 
the value of strong solutions of penicillin (1,000 units per cc.) locally, 
plus radical surgery in osteomyelitis of the mandible. Following an 
extensive experience with battle casualties, Jeffrey and Thomson (11) 
summarize their recommendations for the administration of penicillin 
systemically and locally. A penicillin-sulfathiazole powder was used 
in superficial wounds, a solution of 250 units per cc. in deep perforating 
wounds, and one of 1,000 units per cc. as drops for abrasions and 
superficial infections of the eyes. The whole field of local penicillin 
therapy is considered in a recent memorandum to the British Research 
Council (12) in which methods of treatment are standardized for all 
sorts of wounds, burns, empyemata, etc. These workers feel that the 
properties of penicillin make it in many ways a very promising sub- 
stance for local application. They recommend that wounds should be 
cultured and the organisms tested for their susceptibility when prac- 
ticable, and they have found that lesions infected with both staphylo- 
coccus and proteus or pyocyaneus may respond well to penicillin 
locally. 

There has been some experience with crude penicillin used locally. 
Robinson and Wallace (13) employed gauze dressings inoculated with 
a growing culture of penicillium; these were then applied to the in- 
fected area and allowed to produce penicillin in situ. The results were 
encouraging in the few cases cited and it is interesting that active 
penicillin can be formed under these circumstances, though the method 
seems unwieldy for practical purposes. The reports of Alston (14) 
and Dunayer et al. (15) are also encouraging, though of a preliminary 
nature as the former deals with only 24 patients and the latter with 
four. A recent article by Myers et al. (16) is of interest in that these 
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authors applied gauze dressings inoculated with the penicillium culture 
or with crude penicillin to a variety of surface infections and obtained 
good results in 38 of 47 cases so treated. It was their feeling, however, 
that the method was not a practical one for general use and that it 
would be best to use only the purified form of penicillin for treatment 
of such infections. 


Ill. MATERIALS AND METHODS USED IN THIS STUDY 


The penicillin employed in the present investigation was an un- 
refined culture filtrate, which was prepared and tested in the biological 
laboratories of the Johns Hopkins Hospital in the manner which has 
been described in an earlier report (17). The earlier work was done 
with the original ‘‘Fleming” strain of penicillium, whereas the material 
used during the past year was obtained from another strain of peni- 
cillium notatum—the “‘RC-2”’ strain'—which has consistently given a 
considerably higher yield of penicillin. The mold is grown at room 
temperature on the surface of shallow media in large, flat flasks; the 
usual time for its peak production being 6 days. The medium is a 
simple one, consisting of “Casamino Acids” (Difco) 3%, brown sugar 
2% in distilled water; the initial pH is adjusted to 4.5. The anti- 
bacterial titer is tested with a standard strain of staphylococcus by 
means of serial dilutions and is found to rise rapidly as the alkalinity 
increases, being at its height when the pH is approximately 7.5. This 
solution is then passed through a Seitz filter—after first saturating 
the pad with some older inactive filtrate in order to minimize the 
absorption of active penicillin by the pad—and then kept frozen until 
used. In this way it retains its potency for several months; also, if 
kept in an ice-box, there is little change in titer over a period of 2 to 3 
weeks. The material produced in this manner by the “RC-2” strain 
will usually show almost complete inhibition of the staph. at a titer 
of 1:1280 or 1:2560, the former corresponding closely to 100 units 
per cc. The strength of the penicillin produced by the “Fleming” 
strain was approximately 25 to 50 units per cc. This preparation was 
used during most of the first two years of this work, whereas during 
the past year the solution employed has had an average potency of 


! This strain of Penicillium notatum was very kindly sent us by Mr. C. E. 
Bender of Rare Chemicals, Inc. 
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100 units per cc., except that when used in the ears, nose, throat or 
eyes it is usually diluted with normal saline to approximately 50 to 
75 units per cc. Before the crude penicillin was used locally in hu- 
mans, it was tested on mice and found non-toxic when given in large 
amounts intracutaneously, subcutaneously and _ intraperitoneally. 
No toxic effects of any importance have been noted in the patients 
treated with this filtrate. 

The methods of local treatment are based on certain bacteriologic 
data, most of which were brought out in the former report and may be 
mentioned again at this point. (1) Penicillin does not kill bacteria 
rapidly when it is brought into contact with them in the test tube; it 
takes approximately 3 hours for large numbers of the organisms to be 
killed. However, it is important to note that during this preliminary 
period the reproduction of the bacteria is inhibited and this inhibition 
takes place at fairly high titers. (2) Knowing that the tissue fluids 
and pus do not interfere with the action of penicillin nor dilute it in 
the body beyond bacteriostatic levels, we have reason to believe that 
its action in infected tissues will parallel that in vitro. This supposi- 
tion has been repeatedly confirmed by cultures taken before and after 
its application. (3) The penicillin being water-soluble and relatively 
diffusible can be expected to reach all parts of the infected area, pro- 
vided the lesion is well drained, but it does not penetrate deeply enough 
to affect the bacteria which are far under the surface. (4) Most of its 
activity is lost if it remains at incubator (or body) temperature for 24 
hours. (This does not hold so true, however, for the penicillin from 
the ““RC-2” strain, which still shows considerable activity after in- 
cubation for 24 hours). (5) Certain organisms, which have been 
mentioned earlier, are sensitive to penicillin and others, including 
roughly 10% of the staph. aureus strains, are completely resistant. 

In the light of the above data the most suitable methods by which 
penicillin could be used locally would seem to be the following:? (1) 
Cultures are made of the wound or lesion and either the pus itself, or 
more often the individual bacteria, are tested against the penicillin. 
Often, to save time, if the case seems to be a suitable one the treatments 
are started at once without waiting for the laboratory results. (2) The 


* This method of approach was employed as nearly as possible in our series of 
cases. 
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wound should be opened widely enough to allow dispersion of the solu- 
tion to all parts and all dead tissue should be removed if possible. 
(3) The method of application is determined, of course, in each case 
by the type and location of the lesion, but the aim should be to keep 
the area saturated with penicillin long enough for the bacteria to be 
killed or their growth inhibited, so that the natural defenses of the 
body in the surrounding healthy tissue can complete the destruction 
of the infecting organisms and follow up with the process of repair. 


IV. NOTES ON THE PRESENT SERIES OF CASES 


This study deals with 95 patients having infections of various sorts 
and treated either with crude penicillin alone or combined with sur- 
gery. A few received both local and parenteral penicillin therapy. 
Many cases are excluded in which either the study or the treatment 
was inadequate, so that no conclusions could be drawn. Another large 
series of patients with infections in ears, sinuses or mastoids is not 
tabulated in detail but will be discussed later. The data are presented 
in Table I. 

(1) Osteomyelitis of Long Bones: There were 19 cases in this group, 
14 of them were chronic and 5 acute. The therapeutic procedure 
most often employed was as follows: a wide incision was made into 
the infected area by the surgeon, and all dead bone removed if possi- 
ble; the bone was then usually saucerized and packed open with 
dressings, leaving it in this condition for approximately 48 hours. A 
culture was taken at operation in 16 patients, the organisms isolated 
in the routine way, and in 9 of them the bacteria were tested for their 
reaction to crude penicillin, all but one staphylococcus being sensitive. 
When the packs were removed the local treatment with penicillin 
was begun usually in the form of instillation through Dakin’s tubes 
approximately three times a day. In several patients, in whom there 
was a large open lesion, the cavity was filled with penicillin once a day 
and left this way for about an hour before putting on the dressing. 
The methods, of course, varied from case to case but the wounds looked 
cleaner and seemed to heal more quickly if fresh, dry dressings were put 
on once a day. The patient whose staphylococcus was resistant 
presented several interesting features; the duration of his osteomyelitis 
was 40 years, the lesion was deep in his hip and the surgeon did not 
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feel it wise to do a radical operation at the time, but good drainage 
was established. He was given intramuscular penicillin as well as 
local irrigations and was much improved, though the character of the 
drainage did not change much. Another interesting feature in this 
patient was the development of a generalized urticarial eruption at- 
tributed to the parenteral penicillin, and an area of local irritation 
and pruritus evidently due to the irrigations. A patch test done with 
the crude penicillin was positive. This was the only case of local 
sensitivity noted in any of this series of cases (a very occasional case 
has been found apparently sensitive to it on nasal instillation). 

Another case worth mentioning was that of a young man who had 
had osteomyelitis of the femur for 13 years. The operation was car- 
ried out in the manner mentioned above, and a Staphylococcus aureus 
recovered in pure culture. For some time before the packs were re- 
moved in 3 days, the odor was so bad that not only the patient but 
others in the ward objected to it. Following the first treatment with 
penicillin the odor and pain disappeared, the appearance of the wound 
became clean and healthy and healed rapidly from the bottom; the 
patient seemed in very good condition on discharge. The results to 
date in these patients have been good, with 15 of them responding 
rapidly to the treatment. The response in each case is usually marked 
by loss of local pain and a clean, healthy-looking wound. Its per- 
manent value, however, will have to be judged in the light of a long 
follow-up study, for if any areas of dead bone are left behind there 
will almost certainly be a recurrence of the infection. 

(2) Osteomyelitis of the Frontal Bone: Four such patients were 
seen on the service of Doctor Charles Bagley in another hospital. 
These were very severe, persistent infections following frontal sinusitis. 
All but one received intramuscular penicillin (under the guidance of 
Doctor Russell Nelson) as well as the crude material locally. One of 
these patients, who was not responding well to the systemic treatment, 
showed marked improvement as soon as local therapy was begun and 
then went through a slow process of healing; the lesion has remained 
well healed now after 8 months. Another whose cultures repeatedly 
showed only an aerobacter aerogenes—a completely resistant organ- 
ism—continued to spread in spite of extensive operations plus peni- 
cillin locally and systemically, finally dying with a brain abscess. 
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A third improved markedly at first, but the lesion never entirely 
healed and another operation was necessary later on. The other 
patient was the first one treated; she did not receive intramuscular 
penicillin, the staphylococcus was only moderately sensitive, the 
lesion continued to spread and she finally died of a brain abscess. 
These are difficult cases to deal with but from this small series it 
would seem that the results should be good if the organisms are sensi- 
tive, if systemic as well as local therapy is employed, and if it is possi- 
ble to remove all the infected bone. 

(3) Streptococcus Carrier State: This is a condition of considerable 
epidemiological importance and any means of ridding the throats of 
such patients of the beta-hemolytic streptococci, which are at least 
potentially virulent, would indeed be welcome. Attempts were made 
by means of nose and throat spray in 12 patients. In these cases the 
streptococci had persisted in the throat following (or associated with) 
rheumatic fever, tonsillitis, pharyngitis, rheumatoid arthritis, nephritis 
or scarlet fever, and in most of them sulfonamides had been given. 
In 3 of the patients the tonsils were present and the penicillin did no 
more than reduce the number of streptococci temporarily, it being 
necessary to remove the tonsils later. In 6 the streptococci in the 
throat and nasopharynx became markedly reduced but either failed 
to disappear entirely or reappeared after the therapy was stopped; 
in these the results are classified as indefinite. Three remained nega- 
tive during the period of observation, and although they did not return 
for later cultures, in these patients the results are considered “good.” 
It was found necessary to use the spray both in the nose and throat, 
because except in two patients the streptococci were not eliminated 
even temporarily by means of the throat spray alone. The method 
which seems to offer the best possibilities is to have the patient use the 
spray about every 10 or 15 minutes for one hour, stop for one hour 
and then repeat this process throughout the day for about 3 days. 
The reason for poor results in the patients with tonsils is obvious, for 
heavy growths of beta-hemolytic streptococci have been found in the 
tonsils after their removal. In the others in whom there were recur- 
rences of the positive cultures, the explanation must be that the organ- 
isms are far enough below the surface to escape the bactericidal effect 
of the penicillin which killed the bacteria on the surface. The first 
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patient on whom this therapy was carried out had been having re 
peated positive cultures of beta-hemolytic streptococci (Group A) 
following an attack of acute rheumatic fever. Throat sprays were 
instituted and the cultures became negative in 2 days, remaining so 
for about 2 weeks and then becoming positive again. The sprays 
were begun again and the organisms once more disappeared only to 
reappear again in small numbers at the time of discharge from the 
hospital. No follow-up cultures were done until 2 years later when a 
negative result was obtained. One other case may be mentioned 
here, though included in the table with ‘miscellaneous infections,” 
a child with nephrosis who had a persistently positive nasopharyngeal 
culture for pneumococcus type 6. Following nose and throat sprays 
with penicillin this organism disappeared and repeated cultures after- 
ward were negative. This treatment will have to be tried on many 
more cases before any definite conclusion can be reached as to its 
efficacy on streptococcus or pneumococcus carriers. 

(4) Streptococcus Throat Infections: Only 5 such patients were 
treated and the results were not encouraging. One of these had acute 
tonsillitis due to beta-hemolytic streptococci. The penicillin spray 
resulted in negative cultures in 2 days, but the course of the infection 
was uninfluenced and a sulfonamide was then given with rapid im- 
provement. Two cases of acute pharyngitis showed marked bacterio- 
logic improvement but only slow clinical improvement; these are 
classified as ‘‘indefinite’”’ results. Another case of acute pharyngitis 
was a definite failure as severe cervical adenitis developed which re- 
quired hospitalization and sulfonamide treatment. The other patient 
had a peritonsillar abscess which was incised, penicillin was then 
sprayed into the throat repeatedly, the cultures became negative and 
the clinical course seemed to improve more rapidly than would have 
been expected without such therapy, though this is hard to judge 
from one case. 

(5) Post-Operative Wound Infections: 9 such cases were treated 
and the results on the whole seemed very good, though without com- 
parable controls no definite conclusions can be drawn. The lesions 
which responded, however, soon showed a marked decrease in exudate, 
became clean in appearance and healed rapidly. One of those, the 
result being listed as “indefinite,” was a deep pelvic wound, culture of 
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which showed Cl. welchii which was penicillin-sensitive. Irrigations 
with penicillin brought about local improvement with marked reduc- 
tion in the number of organisms but a subdiaphragmatic extension 
necessitated further surgical measures. Another patient had several 
abdominal abscesses which had been drained, leaving deep sinus tracts 
which continued to drain large amounts of purulent fluid and which 
undermined the abdominal wall. The patient ran a high fever and 
was acutely ill for several weeks. The organisms cultured from this 
exudate were Siaph. aureus, diphtheroids and alpha Streptococcus fecalis. 
This latter organism was present in large numbers in all cultures and 
was completely resistant to the penicillin in vitro. In spite of this 
and though the progress was slow, there was definite improvement as 
soon as penicillin irrigations were begun and the lesions finally healed. 
Another case worth mentioning is that of a postoperative draining 
appendiceal abscess. There was profuse drainage of foul-smelling pus, 
culture of which yielded an anaerobic (or microaerophilic) beta- 
hemclytic streptococcus, gamma streptococcus and pyocyaneus. In 
spite of the pyocyaneus, which of course was not affected by the peni- 
cillin, this infection responded well and healed quickly. These two 
cases are interesting in that they serve to illustrate what others have 
observed, namely that in a mixed infection in which some of the bac- 
teria are penicillin-sensitive and others not, the infection may be 
brought under control by the body tissues after the penicillin-sus- 
ceptible organisms are eliminated. 

(6) Ocular Infections: 13 patients were studied with infected lesions 
involving various ocular structures as shown in the table. Accurate 
bacteriologic data were obtained on 11 of these. In thesuperficial 
infections, drops were used at frequent intervals, usually every hour, 
but the full-strength penicillin filtrate was sometimes irritating and 
was diluted to half-strength with normal saline reducing its potency 
to 25 to 50 units per cc. The response was good in most of these, but 
in 2 with corneal ulcerations the infection was evidently below the 
surface and sulfadiazine was also given; these are tabulated as “‘in- 
definite’’ results though the final outcome was favorable. One patient 
with an infected eye-socket proved of considerable interest. His eye 
and orbit had just been removed for carcinoma, and during the process 
of this extensive operation, it was necessary to make wide openings 
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into heavily infected paranasal sinuses and also to expose the dura. 
Cultures were taken and the whole area was saturated with crude 
penicillin. Following the operation the gauze packing was kept satu- 
rated with fresh penicillin every hour at first and later every 2 hours 
during the day and every 3 hours at night. There was no pain and no 
elevation of temperature from the first postoperative day, and the 
area remained free of infection, so that grafts could be used success- 
fully. Another patient had a similar, though less extensive operation, 
and pinch-grafts had been started. The whole area became heavily 
contaminated with Siaph. aureus and the infection did not yield to 
local treatment with sulfonamides. As soon as penicillin instillations 
were begun there was marked and rapid clearing, so that many of the 
grafts which were thought lost resumed a healthy appearance and 
finally grew satisfactorily. Again, while the experience with these 
few patients has been encouraging, there will be many who require 
sulfonamides or intramuscular penicillin as well as its local application, 
these being determined by the depth and character of the infection in 
each individual case. 

(7) Miscellaneous Infections: Twenty-two of 31 patients with 
lesions of various sorts responded satisfactorily. In this group there 
were 2 children who were very ill with laryngo-tracheo-bronchitis; 
one was 3 weeks of age, the other 13 years old. The predominating 
bacteria isolated from the former were pneumococci and alpha strepto- 
cocci and from the latter, Staphylococcus aureus. Tracheotomy had 
been done in both and the method of application of the penicillin was 
by instillation of 2 to 4 drops into the trachea every 2 hours in the 
infant and slightly larger amounts in the other child; this was preceded 
in both by as complete aspiration of the tracheal exudate as possible. 
The progress was slow, but steady, with definite bacteriologic improve- 
ment, and it was felt that the penicillin had helped with their ultimate 
cure. Another child with a severe ulcerative stomatitis showed a good 
response to sprays and topical application of penicillin at frequent 
intervals. A pyarthrosis of the sterno-clavicular joint due to a beta- 
hemolytic streptococcus cleared up rapidly following penicillin locally 
and sulfamerazine orally, the culture remaining sterile after the second 
day. A patient with a severe staphylococcal breast abscess and tem- 
perature of 105°, showed much more rapid improvement following 
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surgical drainage and then irrigations with penicillin that would have 
been expected after incision and drainage alone, the response being 
marked by relief of pain, decrease in drainage and rapid return of the 
temperature to normal. It was employed in 2 patients following 
surgical drainage of perinephric abscess. In one of these, due to 
staphylococcus, the response was good; in the other, which was caused 
by a penicillin-resistant alpha Streptococcus fecalis, though the infec- 
tion finally cleared up, the course could not be said to have been 
definitely better than with drainage and any other type of irrigations. 

Ten patients with chronic infected varicose ulcers of the legs were 
mentioned in an earlier report and are not included in the above tabu- 
lation. These patients were ambulatory and came to the dispensary 
every third day, at which time dressings saturated with penicillin were 
applied. This resulted in slight, if any, local improvement and when 
proteus or pyocyaneus were present—as one or the other were in 
most cases—these organisms seemed to thrive on such treatment. 
One patient in the present series with a chronic leg ulcer infected with 
Staph. aureus and a paracolon bacillus, was treated with penicillin 
locally once a day but still did not seem to be much benefited. It 
seems that in these patients the results are bad because of the fibrous, 
avascular margins of the ulcers as well as the resistant organisms 
usually present. The best chance of their cure with penicillin would 
be for the patient to remain in bed and receive the applications three 
or four times a day until the area is clean enough to allow grafting; 
this certainly deserves a clinical trial. 

Two cases of actinomycosis have recently been under treatment; 
one lesion was in the caecum, the other in the thorax, and in each there 
remained a draining sinus after operation. Cultures showed actino- 
myces bovis; one of these was very sensitive to penicillin, the other 
culture was lost and was not tested. Treatments were by repeated 
irrigations and instillations which have led to apparent improvement, 
but the results of both are listed as indefinite, because the patients are 
still under treatment. In spite of the fact that actinomyces bovis is 
quite sensitive to penicillin we should not be too optimistic regarding 
the therapy of clinical actinomycosis because the typical lesion is 
chronic and very thick-walled, making it difficult for the drug to reach 
the organisms either locally or by the blood-stream. However, both 
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types of therapy should be given after surgical drainage has been 
instituted. 

Various other types of local lesions make up the rest of the series 
and were found to follow much the same pattern of response, depend- 
ing on the type of organisms, the depth of the lesion et cetera. 

(8) Infections of Ears, Mastoids and Sinuses: By far the major por- 
tion of our clinical experience with crude penicillin has been in infec- 
tions of this type, and in the past 3 years hundreds of these patients 
have been treated with this material, either alone or in conjunction 
with tyrothricin, by Doctor S. J. Crowe and his staff. The results 
are not included in the table as more than one type of therapy was 
used in most, and it is impossible to be specific concerning the success 
or failure of crude penicillin per se. A careful clinical and bacteriologic 
study was made by Crowe (18) of the first 118 cases, and his original 
impression regarding the great promise of these antibacterial agents 
has been re-emphasized in a later paper (19). The therapy has been 
based on the following facts: tyrothricin kills the susceptible organ- 
isms very quickly, but being insoluble, does not penetrate the tissues; 
penicillin acts much more slowly on the bacteria, but is soluble and 
penetrates better. Moreover, it was found by titrations in test tubes 
that many organisms were much more sensitive to the action of tyro- 
thricin than to that of penicillin and that others were more sensitive to 
penicillin; these findings were taken into account in deciding which 
substance to use in difficult cases. The methods of treatment most 
frequently used were irrigations with tyrothricin immediately after 
operation for its rapid bactericidal action, followed by packing with 
gauze saturated with penicillin, or by repeated irrigations of penicillin 
every day or every few days in the case of chronic sinusitis or sinusitis 
accompanied by osteomyelitis of frontal or maxillary bones. Mastoid 
wounds are treated most successfully by irrigation of tyrothricin and 
then penicillin packs which are left in place for 3 or 4 days. The usual 
results of such treatments are clean healthy-looking wounds which may 
not be entirely sterile, but in which the post-operative discomfort is 
markedly reduced and recovery accelerated. Many cases of chronic 
sinusitis or otitis media have also responded very well to the adminis- 
tration of crude penicillin, either by repeated irrigations or drops, and 
without resorting to surgery. In such patients, if the infection does 
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not extend too deeply into the tissues, the body’s own local mechan- 
isms of defense may be expected to bring the condition under control 
after the infecting organisms close to the surface have been removed. 


V. DISCUSSION 


The crude penicillin used in this study, the usual potency of which 
varied from 25 to 100 units per cc., will of course soon be supplanted 
by solutions of the sodium or calcium salts, when they become more 
generally available. The strength of these solutions which are being 
recommended now by various workers for infected wounds, et cetera, 
is usually 250 units per cc., though some advise much stronger solu- 
tions of 500 or 1,000 units per cc. Some even apply the powder di- 
rectly to the wound or burn, though this is apt to be irritating; others 
have incorporated the penicillin into an ointment base for application 
to various types of superficial infections. Inasmuch as we have found 
by in vitro tests that most staphylococci, streptococci and pneumo- 
cocci are killed by as little as 0.16 unit per cc. and inhibited by 0.04 
unit per cc. or less, and since we can feel sure that the tissue fluids, pus, 
et cetera would not dilute the penicillin to such a low figure, one 
wonders if the potency of the solutions being used now is not much 
higher than it need be. It certainly would not seem necessary to use 
a solution stronger than 250 units per cc., but this point will only be 
settled by further experience. Infections of the eye may prove to be 
exceptions and to require stronger solutions because the drops may be 
diluted or washed away so quickly by the tears. 

The cases reviewed in this paper point out the importance of a 
careful clinical and bacteriologic study in order to help us evaluate the 
possible benefit from local penicillin and whether or not more than one 
type of therapy is indicated. In many patients, penicillin should be 
given parenterally as well as locally to combat bacterial invasion of 
the tissues; in many others, surgery is necessary before we can expect 
benefit from either its local or general administration. In some cases 
local penicillin may be combined with sulfonamide treatment, and in 
others with tyrothricin. The experiments of Heilman with Herrell 
(20) have shown that penicillin and gramicidin do not inhibit each 
others’ antibacterial activity, and the clinical experience of Crowe 
mentioned earlier supports this same conclusion. Each patient who 
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is to receive penicillin locally should be studied to determine the best 
means of keeping the infected tissues saturated with an adequate 
concentration of the solution almost continuously. The material 
must be kept sterile and fresh and should be renewed in the wound at 
least every 24 hours. In most cases it will be necessary to irrigate the 
lesion 2 or 3 times a day and in many even more frequently than this. 

The value of penicillin in the therapy of various generalized infections 
caused by organisms sensitive to its action has been clearly established. 
It has not been shown, however, that most Jocalized or superficial in- 
fections can be eradicated by its parenteral administration. It seems 
definite that in most cases in which this is attempted there is a great 
waste of the material when large amounts of it are injected into the 
general circulation in order to achieve a bactericidal concentration 
at an isolated focus. This can be accomplished much more efficiently 
and economically by local application, provided the lesion is an open 
one, or one that is well drained and thus readily accessible to the solu- 
tion being employed. In this way the penicillin may be brought into 
direct contact with the infecting bacteria repeatedly or even con- 
tinuously, and in as high concentrations as are desirable. In consider- 
ing the advisability of this type of local therapy for any particular 
wound or lesion, one is of course influenced by the depth of the infection 
in the tissues and by the presence of chronically infected granulation 
or scar tissue, foreign bodies, sequestra, et cetera. In the case of a 
superficial lesion associated with deep cellulitis a combination of local 
and parenteral penicillin may be indicated. In the presence of foreign 
bodies or sequestra, these certainly should be removed before local 
therapy is employed. The same may apply to infected granulation 
tissue, old sinus tracts, et cetera, which constitute areas of low-grade, 
chronic inflammation and which are apt to be impermeable to any anti- 
bacterial agent applied locally or generally. 


SUMMARY 


(1) Penicillin has several properties that make it of distinct value 
as an antibacterial agent for local application: it is active against most 
of the organisms responsible for serious local infections; it is active in 
high dilutions; it is not inhibited by exudates, and is non-toxic either 
locally or generally. 
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(2) This report is based on 95 cases of various types of infections 
treated with crude penicillin locally. The results were good in 63%, 
indefinite in 24% and poor in 13%. 

(3) The lesions which have shown the best response are the more 
acute or subacute ones in which the bacteria are superficial, or chronic 
ones following surgical drainage with removal of all dead tissue. 

(4) Local penicillin therapy is not recommended to the exclusion of 

other methods of dealing with infections but is often employed success- 
fully in conjunction with its parenteral administration, with local 
surgical measures, or with other antibacterial agents. The most suit- 
able approach is determined by the type of lesion in each individual 
case. 
(S) The therapeutic methods recommended are a study of the bac- 
terial flora with determination of the organisms’ sensitivity to penicillin 
and application of the solution in such a way as to maintain a bac- 
tericidal concentration in the tissues adequate either to sterilize the 
lesion or to reduce the number of bacteria sufficiently to allow the 
defensive mechanisms of the body to complete the cure. 


I would like to take this opportunity to thank the members of the Surgical, 
Ophthalmological, Pediatric and Medical staffs whose patients form the basis 
for most of this report. 
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